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(71) We, Chevron Research Com- 
pany, a corporation duly organized under the 
hiws of the State of Delaware, United States 
oL~f e " ca ' ^ having offices at 200 Bush 
, Sa ° Francisco, California, United 
^.Amenca, do hereby declare the in- 
Z wluch we ^ that a patent may 

be granted to us, and the method by which 
^L5 0 be Pfrf ormed . to be particularly des- 
cribed in and by the following statement: — 
This invention relates to a method of re- 
moving sand from a cased well having a pro- 
ducnon tubing located therein and preventing 
further sandmg of the well without removing 
Ae producaon tube by means of inserting I 
flushing tube into the production tube and 
circulating out sand from the well, then pack- 
mg off the flushing tube and injecting a series 
of sand consolidating fluids including a per- 
meabihty levelling fluid through the flushing 
mbe down the well and into the formation^ 
to consolidate the formation. 

A series problem is often caused durine 
production of oil from wells by sand entering 
the well with the production fluids and ac- 
amndatmg to a point where production from 
the well b hindered or even halted because of 
the sand m the well. In many wells sand en- 

^ffj^ -"S ^* the production fluids is 
also undesirable because of the damage that 
die sand can cause to the tubing and surface 
equipment by abrasion. Many techniques of 
^nd consolidation have heretofore beeTprac- 
ticed to control the flow of sand into wells 
For example, methods of sand consolidation 

Tijfiff 1 "** f £ S - Patents 3,176,767, 
52* 768 ,?? d . 3 ' 176,769. Generally, these 
sand consohdation techniques are accomplished 
by mjectnig a resin into the formation and by 
con^hdatrng the resin to hold the sand grams 
m . P lace " These techniques require careful 
placement of the resin to insure adequate 
coverage over the entire treated interval. This 
usually limits the techniques to thin zones ^ 
[Price 2Sp\ 



EEfe?* ?* °°P-|M«*» fluids be j*. 

2 hd^whT tubing must be removed fo£ 
th«ecil^ e , removm S sand and running 
these special tools smce, as noted, the diameof 
of the tools approaches the diameter of ti£ 
casmg. There is need, therefore, lor 7 method 
of removing san d from a weU andpre^Sl 
further sanding of the well in whicfaTcS 
and a production tubing are looted without 
removmg the production mbing from tteweU 
This; . Particularly true in deep offshore S 
mg tobin S institutes a majo? 

iinl^M . a i ei 2 OUS PT° bIem hi consolidating 
unconMlidated formations penetrated by f 
S,^/ the non-uniform permeability 
£™ 2 U ° n ^.^st always occurs in such 
fo^uons. This problem is particularly 
ttoub esome where, for space or other reasons, 

?£T2J°°^ C3nn0t be used since these took 
are necessarily near full bore size to permit 

Sft £ Th£re k necd > thereforeffor 
a method of removing sand from a well and 
^^hdatmg die formation producing 
£ ^ ™* out of removing tubing front 
2* £~..? nd . «n such a manner to insure that 
the dmribution of sand consohdation fluids in 
such formation is relatively even 
y« In - < J U lT COp f I - d i ng APPhcation No. 25494/69 
S^^°- 1>252 ' 312 ) < to the prSem 

apphcauon is an addition) there is described 

^rS C ?° d ° f ( ? nso hdating an incompetent 
earth formation havmg strata of different per- 
meability wherein a liquid resin curable tea 
sohd mfusible state is injected into the forma- 
tion, diaracterised in that there is injected 
into the formation prior to the injection of the 
rean a cejulosic penneabiHty levelling 
m W ^ that said cellu? 

J^P^^ty levelling material is caused 
to contact the strata of different permeability 
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to assist in providing more nearly equal per- 
meability distribution in said formation for the 
later injection of said resin. 

According to the present invention, there 
5 is provided a method of removing sand from 
a well penetrating an unconsolidated forma tion 
and preventing further sanding of the well, the 
well having a casing and a production tube 
located therein, without removing the 
10 production tube from the well, sa,d method 
Uprising the steps of packing ofi . the annu- 
lus between the well casing and the Produc- 
tion tube, positioning a flushing tube inside 
the production tube to form an annular pas- 
15 sage between the flushing tube and the produc- 
tion tube, circulating a fluid m the 
flushing tube and said annular passage 
TO remove sand from the well, closing 
off the annular passage, injecting a 
20 cellulosic permeability levelling material 
down the flushing tube and into said forma- 
tion to assist in levelling the injection profile 
of said formation, thereafter injecting one or 
more sand consolidation fluids down the flush- 
25 inn tube and into the formation to consolidate 
sand in the formation and thereby prevent 
further sanding of the well, and then removing 
the flushing tube from the producuon tube. 
The present invention provides for con- 
30 solidating a formation penetrated by -a i cased 
well having a production tube located therein 
without removing the production tube from 
th» well and completing such consolidation in 
such a manner to provide for relauvely um- 
« form placement of the consolidation fluids in 
the well to insure a successful operation. In 
accordance with the invention, a flushing tube 
of smaller diameter than the production tube 
is inserted into the production tube and down 
An the well. The outer diameter of the flushing 
40 tubs is such that an annulus is formed between 
the production tube and the flushing tube. I he 
flushing tube is lowered to approximately the 
sand level in the well and a fluid is circulated 
ak to remove sand from the well. Circulauon 
mav occur down the flushing tube and up the 
annulus between the flushing tube and the 
production tube. Alternatively circulation ma> 
b» down the annulus and up the flushing tube. 
«n After the sand in the well has been removed 
bv such circulation the annulus between the 
production tube and the flushing tube is pack- 
ed off. This pack off is usually accomplished 
bv closing in the annulus at the surface. 
55 Usually it is then necessary to inject a slurry 
of speciallv selected sand in a fluid down the 
flushing tube and out into the formation to 
replace the formation sand previously pro- 
duced. After the injected sand has been located 
60 in the formation, a cellulosic P«meaM.ry 
evelling material is injected down the flushuig 
SbfS out into the formation to provide 
for nSre unfform placement of the taer 
iniected sand consolidation fluids. The cellu- 
65 SSc permeabnity levelling material is carried 



in a liquid carrier to facilitate its injection 
trough the flushing tube. After such per- 
meability levelling material is in place m 
Sk formation, sand consolidauon fluids are 
Sen injected down the flushing 70 
the formation to consolidate the sand m the 
formation to prevent further sanding of the 

W More specifically the invention provides 
in a preferred embodiment thereof for inject- 73 
ing down the flushing tube and into the forma- 
tion a cellulosic permeability leyellmg mix- 
ture comprising a mixture of 100 parts by 
volume of a hydrocarbon oil, from 15 to « 
paSbv volume of a selected ^low molecular 80 
weight alkanol and from 0.005 to 0.25 pans 
by weight of a cellulosic permeability levelling 
compoimd per 100 parts by weight of *e 
above mixed liquids. After such permeability 
^veiling material is located in the formauon 85 
sand consolidation fluids are sequentially 
passed down the flushing tube and into die 
formation. Such sand consolidation fluid se- 
quentially includes a liquid resinous material 
curable to an infusible solid state by treaung 
with a curing agent: a liquid hydrocarbon and 
rcurinFagint to convert the liquid resinous • 
mixture to the infusible solid state to con- 
solidate the sand in the formauon adjacent gg 

^It^'a particular object of the present in- 
vention to provide a method of sand consoli- 
dation for use in consolidating sand in a weU 
having a casing and a production nibing 
loactea therein without removing the .produc- ™ 
tion tubing from the well. Further objects and 
advantages of the present invenuon will be- 
come alparent from the following detailed 
description read in light of the accompanying 
drawing in which: :. 

Fieure 1 is a sectional view of a cased well 
having a production tube located therein, said 
well penetrating a producing foimauon which 
has sanded up the well; 

Figure 2 is a sectional view and shows a 110 
flushing tube located in said well for use in 
circulating undesirable sand from the well; 

Fieure 3 is a sectional view and shows a 
flushing tube located in said well for use in 
sand packing of the clean-out well; 

Figure 4 is a sectional view and shows a 
flushuig tube located in a well for use in in- 
jecting sand consolidation fluids mto the sand 

^Figurc^'ls T sectional view and shows said 120 
well ready to return to production. 

Referring now to Figure 1, a well 20 
is shown penetrating various nonproductive 
earth strata 22 and 24 and a producing strata 
or zone 26. The well is cased over the non- 125 
productive intervals 22 and 24 by means of . 
suitable casing 28. A production liner 30 hav- 
ing slots 32 is used to line the well adjacent 
the" oil producing zone 26. Alternately, die 
well may be cased over its enure depth and 130 
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the producing intervals perforated. Produc- 
tion tubing 34 extends down the well to the 
vicinity of producing zone 26 for production 
of fluids therefrom. The annulus 36 between 
5 the well casing 28 and the production tubing 
34 is packed off by suitable means such as 
a production packer 38. Thus well fluids are 
produced up production tubing 34. As known 
in the art, production may be by natural flow 
*0 or production may be assisted by artificial 
means such as by pumping or gas lift. As illus- 
ttated schematically in Figure 1, sand particles 
40 from formation 26 have entered the well 
through die slots 32 in liner 30 and have 
15 plugged the well to a point where production 
fcdted ,S hindered or > in some cases, 

In accordance with the invention and as 
fflusn-ated m Figure 2, a flushing tube 42 of 

20 smaller diameter than the diameter of the pro- 
ducuon tubmg 34 is run down the inside of 
Reproduction tube 34 forming an annulus 
between the inside of the production tube 34 
and the outside of the flushing tube 42. This 

25 annulus should preferably hive at least ^ 
great a cross sectional area as the cross sec- 
tional flow area inside the flushing tube 
Usually the flow area of the annulus if some^ 

<n S£ ^"f ^P, flow area of the flushing 
30 rob* It 1S desirable to extend the flushing tube 
42 down the production tube 34 and into the 
upper portion of the sand located in the lower 
portion of the well. Fluid is then curuEd 
« t?J^°*P jaad from the well. Fluid may be 
35 curulated down the flushing tube 42 and u? 
die annulus between production tube 34 and 
flushing robe 42 or alternatively down the an- 
nulus and up the flow tube. The latter circu- 
Iation arrangement is desired because it o re - 
40 vents possible bridging of sand in the annulus 
around the flushing tube in the production tube 
which could cause possible sticking of the 
flushing tube. A pump 44 is used to circulate 
,c the fluid used to remove undesirable sand from 
45 die weU. The circulating fluid may be mtite 

tZJ 0 ?* , m . U< ^ for example water 
or oil. The orcubroon of such fluid will often 
remove undesirable loose sand located im- 
m T^? 7 B *¥? B: the outside of the casing 
50 as is illustrated by the void 48 adjacent line? 

After the undesirable sand has been removed 
from die well, it is sometimes desirable to 
^ace exterior of the liner with new 

55 sand before injecting sand consolidation fluids 
This is particularly true in cases where the 
hner has faded. Such liner failure commonly 
requires sand consolidation to permit further 
production from the zone. Prior to injecting 

60 such new sand down the flushing tube 42 the 
annulus 46 between the flushing tube 42 and 
the production tubing 34 is packed off bv 
suitable means such as packing means 50. 
Closing this annulus promotes entry of fluids 

65 injected down the flushing tube 42 into die 



producing formation 26 through slots 32 in 
production liner 30. A liquid slurry of sand, 
generally coarser than the formation sand, is 
now injected through pump 44 and down the 
flushing tube 42 and into formation 26 through 70 
the slots 32 in liner 30 to fill the void 48 ? ° 

tnlFJ? ?' » ner - The v*** * selected 
so that it will pass through the liner. After 
a predetermmable amount of coarse sand has 
been injected to fill the void behind the liner 75 
30, injection of such slurry containing the sand 
is stopped. The formation is now ready for 
the sand consolidation operation. 

As shown in Figure 4 the well is ready to 
first : receive the permeability levellmg niaterial. 80 
In accordance with the preferred form of the 
present invention the permeability levelling 
material comprises a mixture of hydrocarbon 
oil, a cellulosic permeability levelling material 
and a polar organic compound capable of «5 
swelling the cellulosic material. This permea- 85 
bility levelling material is injected into a for- 
mation prior to the injection therein of a liquid 
resin useful to consolidate the formation. The 
permeability levelling material acts to balance 00 
fluid injectmty into the formation and to re- 
move any water which may be in the fonna- 
non in the vicinity of the well. Water removal 
is an important step in the consolidation pro- 

^^S d - °T d , ODe to **** adequate 95 
strength m the consolidated sand. 

The cellulosic materials which may be em- 
ployed in the practice of the invention are pre- 
ferably the lower alkyl cellulose ethers, i.e. 
methylcellulose, ethylcellulose, propylcellulose, 100 
and butylcellulose, or benzylcellulose. 
Ediylcellulose is the highly preferred 
cellulose ether for use in the practice of the 
invention. Ethylcellulose is obtainable on the 
market under various trade names such as 105 
Ethocd. Ethylcellulose is an ether of cellulose 
formed by reaction of chloroethane with cellu- 
lose which has been reacted with a strong 
base. The ethylation of cellulose has been 
long known in the art. Preparation of ethyl- tin 
cellulose is possible by a variety of well known 
methods. Ethylcellulose is described and 
methods of making ediylcellulose are disclosed 
in an article in "Colloid Chemistry" T Alex- 
ander, Vol. VI, p. 934, Reinhold, 1946. 115 

Ethylcellulose is available as particulate 
material. A preferred form of ediylcellulose 
has a dry particle distribution such that about 
90% of the particles by weight pass a 35- 
mesh screen and 10% by weight pass a 400- 120 
mesh screen. The median particle size is ap- 
proximately 100-mesh. When mixed with a 
earner fluid such as diesel oil containing a 
selected low molecular weight alkanol ethyl- 
celMose will swell to a volume far exceeding 125 
its dry volume. Wet volume to dry volume 
ratios of between about 3 to 6 are suitable 
m accordance with the invention. A ratio of 
about 5.5 is considered optimum. While die 
swell nmo depends somewhat on time and 130 
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concentration of alkanol in the carrier fluid, a 
ratio within the above range will give good 

"ctUulose ethers used in the present inven- 

5 tion may have a molecular weight of any value 
which permits pouring and mixing a 
composition of the invention without un- 
due thickening. The cellulose is mixed 
with a hydrocarbon oil and a sufficient 

10 amount of a polar organic compound capable 
of swelling the cellulose at . a desirable rate. 
The polar organic material is preferably a low 
molecular weight alkanol — for example, 
methanol, ethanol, propanol, butanol, pentanol 

15 and hexanol. The preferred polar organic com- 
pound for this use is 2-propanol. Controlled 
swelling of the ethylceUulose was obtained 
bv slurring dry ethylceUulose with a mixture 
of 2-propanol and diesel. Fifteen mnutes or 

20 more contact with between 15— 30 / c by 
volume 2-propanol in diesel causes swelling 
of the ethvlcellulose to four to five times its 
original volume. The swelling ; properties _do 
not change significantly with added time. The 

25 mixture % useful as a diverting agent when 
ethvlcellulose is slurred in a mixture of be- 
tween 15 and 30% by volume 2-propanol and 
diesel oil. Higher 2-propanol concentrauons, 
Le., greater than 35%, tend to dissolve the 

30 ethyl«llulose, while lower 2-propanol concen- 
3ms, i.e., less than 15%., give msufficjent 
swelling for adequate diverting in accordance 
with the present invention. 

, e After such permeability levelling fluid has 

35 been injected inw the formation the remainder 
ofthe sand consolidation fluids are peered 
Sown flushing tube 42 and through the slots 
32 in liner 30 and into formauon 26 to con- 
solidate the sand around the well. The sand 

40 conation fluids are injected sequenually 
doWdie tube 42 and out into the formation 
soTs to provide a permeable con»Mau°n 
region around the well. In a preferred embodi- 
ment the sand consolidation fluid sequence 
- includes a Uquid resinous mixture curable 

45 S an ^infusible q solid by treating • «J 
aeent; a Uquid hydrocarbon; and a curing 
Sent to convert me liquid resinous mixture 
tf a soUd state to bond the sand grains to- 

50 ^"accordance with the invention cellulosic 
permeability leveUing material is injected I into 
SnconsoUdalced strata prior to the : injecaon of 
Snd consoUdation fluids to provide .for tevd- 

« lmg the permeability of the strata so that the 
Sir taiectedsand consolidation resin wtU tend 
to be more uniformly distributed m the strata. 



The permeability levelling material is carried 
in a liquid carrier which also acts as a water 
scavenger to remove water from the formauon 60 
to better prepare it for the resin which follows. 
Thus the permeability levelling fluid which 
is injected is a mixture of a hydrocarbon oil, 
a selected polar organic compound preferably 
a low molecular weight alkanol and a fluid 65 
ceUuIosic levelling additive. A mixture of the 
above type is injected into the unconsolidated 
interval prior to the injection of resm therein. 
The low molecular weight alkanol acts as a 
water scavenger and in addition assists in 70 
promoting the action of the permeability level- 
ling additive. 

The preferred form of the invention pro- 
vides for injecting into the formauon prior 
to the injection of the consolidation resm a 75 
mixture of 100 parts by volume of a hydro- 
carbon oil, from 15 to 35 parts by volume 
of a selected low molecular weight alkanol 
and 0.005 to 0.25 parts by weight of a per- 
meability levelling cellulosic compound per go 
100 parts bv weight of the above mixed 
liquids. The above noted mixture is an effec- 
tive diverting agent useful to promote relanye- 
ly uniform placement of sand consolidation 
Uauids in a formation composed of strata 85 
having different permeability. In addition, die 
mixture is an effective water scavenger useful 
to remove water from the formation prior to 
the resin injection step of a sand consolidation 
operation. The injection of this mixture is 90 
followed by the injection of a sand consolida- 
tion resin and a suitable curing agent for the 
resin to provide a permeable consolidated for- 
mation in the vicinity of the weU. 

A field test was conducted in accordance 95 
with the present invention. A one-inch tubing 
was run through a 2-3/8" produa.on tubing 
to the 11' of production perforations between 
7311 and 7336' depths in a weU. Jhe produc- 
tion interval was sand packed with 50 cubic 100 
feet of fine sand prior to preparing for con- 
solidation. The permeability levelling material 
injected in this field test comprised 0.07 
pounds of ethylceUulose diverting agent per- 
barrel of an 80—20 mixture of diesel oil and 105 
2-propanol. This material was injected to pre- 
pare the fluid injeenvity profile of the forma- 
tion ConsoUdation fluids were then injected 
into the formation. The one-inch tubing was 
oeriodically reciprocated through the produc- 110 
Son taeml during placement of Prep™ 
and consoUdation fluids. Injecuon data are 
shown in Table I. 



Table I 



Cumulative 
Time, Minutes 



Cumulative 
Volume, Barrels 



Injection Rate 
Barrels/Minute 



Surface Pressure 
psi 



10 

31 

41 

125 

138 
150 

185 

202 

234 



0 Permeability 
Leveling 
Material 

10 Permeability 
Leveling 



30 Permeability 
Leveling 
Material 

40 Permeability 
Leveling 
Material 

110 Permeability 
Levelir 



10 Resin 

5 Permeability 
Hush 

20 Permeability 
Flush 

22 Permeability 
Flush 

28 Activator 



.75 



.25 



1500 

1500 

1600 

1420 

1500 

1300 
1300 

1150 

1150 

1200 



10 



15 



20 



The field test is believed to have been suc- 
cessful m uniformly consolidating the forma- 
tion through a one-inch tubing. 

WHAT WE CLAIM IS: — 

1. A method of removing sand from a well 
penetrating an unconsolidated formation and 
preventing further sanding of the well, the 
well haying a casing and a production tube 
located therein, without removing the produc- 
tion tube from the well, said method compris- 
ing the steps of packing off the armulus be- 
tween the well casing and the production tube, 
positioning a flushing tube inside the produc- 
non tube to form an annular passage between 
the flushing rube and production tube circu- 
lating a fluid in the flushing tube and said 
annular passage to remove sand from the well, 
closing off the annular passage, injecting a 
cellulosic permeability levelling material down 
the flushing tube and into said formation to 
assist m levelling the injection profile of said 
formanon, thereafter injecting one or more 



sand consolidation fluids down the flushing 
tube and into the formation to consolidate sand 25 
m the formation and thereby prevent further 
sanding of the well, and then removing the 
flushing tube from the production tube. 

2. A method according to Claim 1, wherein 

the flushing tube extends beyond the lower 30 
end of the production tube and into that part 
of the well adjacent to the unconsolidated for- 
mation. 

3. A method according to Claim 1 or 1 
wherein a slurry of coarse sand in a liquid is 35 
passed down said flushing tube and into the 
formation prior to injecting said cellulosic 
permeability levelling material into said for- 
mation. 

4. A method according to Claim 1, 2 or 3, 40 
wnerem the sand consolidation fluids are se- 
quentially passed down the flushing tube and 
indude a liouid resinous material curable to an 
infusible solid state by treating with a curine 
agent, a liquid hydrocarbon, and a curing 45 
agent to convert the liquid resinous mixture 
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15 



to the infusible solid state. 

5. A method according to Claim 1, 2, 3 or 
4 wherein the cellulosic permeability levelling 
material comprises a mixture of 100 parts by 
volume of hydrocarbon oil, from 15 to 3 5 
parts by volume of a low molecular weight 
alkanol and from O.005 to 025 parts by weight 
of a cellulosic material per 100 parts by weight 
of the hydrocarbon oil and alkanol. 

6. A method according to Claim 5, wherein 
the cellulosic material is ethylcellulose. 

7. A method according to Claim 5 or 6, 
wherein the alkanol is 2-propanol. 

8. A method according to any preceding 
claim, wherein the fluid circulated in the flush- 
ing tube and annular passage is in the form 
of a foam. _ f . 

10. A method according to any one or claims 



1 to 7, wherein the fluid circulated in the flush- 
ing tube and annular passage is in the form 
of a liquid. t . _ . 

11. A method according to claim 10, where- 
in the liquid is water or oil. 

12. A method of consolidating an uncon- 
solidated formation penetrated by a cased well 
having a production tube located therein with- 
out removing said tube from the well, substan- 
tially as hereinbefore described with reference 
to the accompanying drawings. 

HASELTINE, LAKE & COMPANY, 
Chartered Patent Agents, 
28 Southampton Buildings, 
Chancery Lane, 
London, W.C.2. 
Agents for the Applicants. 
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